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(54) Minp;^jth ax^i^^^ lighti^urce 

(57) A lamp (200) has LED sources ^(^^^^ 
placed about a lamp axis (204) in an axial arrangeiiierit. 
The fernp (200) Includes a post (206)^ith postlacks 
where the LED^sburces (210) are moOnted/ TTIe latitip 
(200) includes a se^^ 

light-from the LED sources (210)/ The s^^ 

fiedbr (^1 2) Jncludies refiectrvis segments eiach 6f Which 



is illumih^ted primarily by light from one of the post fac- 
ets (e.g. one of the LEDsources (2^0) on the post f^ 
The LED sources (21 0) may be made up of one or more 
LED dies {i226)V.Thfe:LEb dies (220) may include optfc^ 
on-chip lenses to direct the^N post facet to 

a corresponding reflective segntent. The LED dies hnay 
be of different sizes and coidrs chosen to generate a 
particular far-field pattern. 
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Description 

[0001] This invention relates to light ennrtting diodes 
("LEDs") and in particular to lamps with multiple LED 
sources. 5 
[0002] Fig. 1A illustrates a conventional lamp 100A 
using a filament bulb 1 02A. Filament bulb 1 Q2A is locat- 
ed perpendicular to a lamp axis 104A in a trans-axial 
arrangement. Lamp axis 1 04A is an axis generally along 
the direction of light emission. A reflector 1 06A shapes 10 
(e.g. coliimates) a number of light rays from bulb 102A 
to fomi a desired far-field pattern. However, a number 
of light rays db not strike refle^^^ 106A ahd thei^fbre 
do riot contribute to the desired pattern, this reduces 
the flux in the desired pattern arid th6 coriiroi oVfer the is 
shape of the desired pattern. 
[0003] Fig. 1B illustrates a conventlonial lamp 100B 
using a filament bulb 102B that Is aligned with a lamp 
axis 1 048 in an axial arrangement. Due ip the axial ar- 
rangement, a greater number of light raykstrike reflector 20 
1 06B and contribute to a desired far-field pattern. Thus, 
the flux of the desired pattern increases arid the control 
over the shape of the desired pattem improves. 
[0004] Figs. 1 C and 1 D illustrate a conventional lamp 
1 DOC using an array 1 02C of individual LEDs. LED array 25 
102c Is located in a plane normal to a lamp axis 104C 
in a trans-axral arrangement. Similar to famp 100A, a 
number of light rays do not strike reflector 106Q and 
therefore do not contribute to a desired far-field pattern. 
[0005] It i$ desirat)le to control the far-field pattem of 30 
a leuTip. For exan^ple, in autonriotive appKcatlpns; it is 
critical to design headlamps that do not generate glares 
into oncoming: traffic: Generally,: it is difficult to create a 
pattem with a small-spot size that has high candela val- 
ues with a sharp cut off. If that can be accomplished, 35 
pattems witf» larger spots sizes and d iff erent shapes can 
be readily achieved. 

[0006] It is also desirable to reduce the size of the light 
source of a lamp. Reducing the source size offers pack- 
aging freedom to produce different lamp designs with 40 
new styling. As the source size becomes smaller, the 
focal length of the reflector used to guide the light can 
also become smaller. However, as the focal length be- 
comes too small, ft becomes difficult to align the focus 
of the reflector to the light source in the manufacturing 45 
process. 

[0007] Thus, what is needed is an LED lamp that ad- 
dresses the probienns described above. 
[0008] In one embodiment of the invention, a lamp in- 
cludes a post aligned along a lamp axis, a number LED so 
sources, and a reflector for guiding light primarily along 
the lamp axis. The post includes a number of post fac- 
ets. The LED sources are each mounted on one of the 
post facets so nonmal vectors to light emitting surfaces 
of the LED sources are approximately perpendicular to 55 
the lamp axis. The reflector is divided into reflective seg- 
ments each Illuminated primarily by light from one of the 
post facets. 



2 

[0009] In one embodiment, each of the LED sources 
is a monolithic LED die with an an^ay of LEDs, an an^ay 
of individual LEDs, or an individual LED. In one embod- 
iment, each of the LEDs includes an optic-on-chip lens 
atop of its light-emitting surface to control its solid angle 
of light emission so each LED primanly emits light onto 
one of the reflective segments. 
[001 0] Accordingly, the lamp has reflective segments 
that are each tailored to one of the LED sources to 
project a part of a desired pattern, The LED sources can 
be a monolithic LED die to reduce source size; The LED 
sources can be fitted with optic-on-chip lenses to direct 
light from a postfacetto a cbrrespohdirig reflect 
nrtbnL 

[0011] In one embodiment of the Invention, a method 
for generating a far-field pattern with a larhp hWing LED 
sources on post facets of a post aligined'wlth a i^p axis 
and a reflector including reflective segments each illu- 
minated primarily by light from one of the post faciets, 
includes independently contrblling (1 ) a first LED source 
on a first post facet arid (2) a second LED source on a 
second post faciet to generate the? far^^fl In 
one embodiment, independently cbntrbllihg the first and 
the second LED sources includes Independently chang- 
ing current levels to (1) the first LED source and (2) the 
secondLED sourceto shape thl^fiSr-fieid one 
embodiment, the first and the second LED sources gen- 
erate- at least partially overtapping patterns in the far- 
field pattern, in another embodiririerit, the first and the 
second LED sources generate non-pyertapping pat- 
terns in the far-field pattern. 

[0012], In one embodiment, the first and the second 
LED sources generate lights of. different CO 
embpdimenti independently controlling the flrst and the 
second LED sources include independently changing 
current levels to (1) the first LED soun^eand (2) the^c- 
ond LED source to generate the far-field pattem iand 
color(s). 

[0013] Accordingly, the light pattern of the lamp is 
changed without physical mechanism. Instead, the light 
pattem of the lamp is changed by changing the current 
levels to specific LED sources. 

Figs. 1A and IB Illustrate conventional lamps with 
filament light sources In trans-axial and axial ar- 
rangements, respectively. 
Figs. iC and ID illustrate a conventional lamp with 
an LED light source in a trans-axial arrangement. 
Figs. 2A, 2B, and 2C illustrate perspective views of 
a lanrip with an axial LED light source in the embod- 
iments of the invention. 

Figs. 2D, 2E, and 2F illustrate various LED sources 
on a post facet in embodiments of the invention. 
Fig. 2G illustrates a lamppost with an axial heat pipe 
coupled to a lateral heat pipe to transfer heat away 
from the LED sources in one embodiment 
Figs. 3A and SB illustrate side and top views of one 
embodiment of the lamp in Figs. 2A-2C with two ax- 
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iai LED sources. 

Fig. 4 illustrates thef lux/mm^ on the reflector of the 
lamp, in Figs. 3A and 3B. 

Fig. 5 illustrates the flux/mm^ oh the reflector of a 
conventional lamp with afilament light source in an 
axial anrangement. 

Fig. 6 Illustrates the candela values of a light pattern 
generated by the lamp of Figs. 3A and 3B in one 
embodiment. 

Fig.'7 illustrates the cahdela values of a light pattern 
generated by a cohvientibhal lamp with a filament 
light source in a^ 

Figsi 8A and 8B in and top views of one 

erhbodiment of the larhp In Figis. 2A-2C. with three 
axi^PtlED sources.: - 

Fig/ BG illustrates the cross talk tjetweeh adjacent 
LED -^ourcbs bh the reflfector ih ' one eriibodlmeh^^ 
Fig; 8D lllustratesthe laek^bf ctess talk betweien ad- 
jacent LED 6ouites (with optic dh^chip-lerises) on 
the'fef lector In one embo^^^ 
RgV 9 illustrafestherandela v^^^ of a light pattern 
generated by) the lamp of Figs; :8A:and SB Jri one 
embodiment: . ' ; . . 

Figs. 10A and 1 0B illustrate side and top views- of 
one ehribbdiriieht 'of the lanip in Figsi 2A-2C with 
four axiarLEDi SOUR - - 
Fig. t OC^ illustrates- a post wlth^a^^ optical structure 
to direct-the light frorh a post facet-to ah intended 
reflelctlve segment in one 
Fig.- 11>jllustrat^ the candela values of a liight pat- 
■tern genel^d by tlie la^ and 1 0B in 

bnefembbdimfehtl^^^^^^^^^^^^^ - = . ■ ; 

Figsl: 1 2 and 13 illustrate topViev^of embodiments 
of the lamp in Figs. 2A-2C with fivie arid six: e^^ 
' LED sources; r^pectiyeiy:: V 
FJg:1*illustbtesLED soured 
erit dolors^ used oh^th0^sahriie:p6st facet to geheraite 
white light In 6n0 e > : 

Fig. 1 5 illustrat^.a lamp^ith'^ 14 
in brie embodlmenlv - >^ " ^ . ' ' " . 
Figv 1 6 illustrati^s a side vievi^ of a fanip Wflth a (X)ne- 
' shaped post in brie iOT 
Fig; 17 Illustrates ^ side -vlew^ 6 a 
stepp^d-shaped post in ohe embbdiment. = 
Fig: 18 Illustrates a slde^^^v^^ larhp with a pyr- 
amid-shaped post In one embodiment; 
Figs. 19A and 19D. illustmtr perspective vlew^ of 
the lamp of Ffgsr IOA and lOB Dsed to generate 
overlapping and nbn-ovedapping images In a far- 
field pattern in two embbdimients. 
Fiigls. 19B and- '19C illustrate perspective views of 
the lamp of Figs. 10A and 1 0B used to generate 
overlapping and partially overlapping Innages In a 
far-fteld pattern in two embodiments: 
Flg.'20 illustrate a side view of a lamp with an in- 
verted cone/pyramid-shaped post in one embodi- 
ment. 

Fig. 21 Illustrates a side view of a lamp with an in- 



verted stepped-shaped post in one embodiment. 
Fig. 22 illustrates a side view of a lamp with a post 
with curved post facets in one embodiment. 

5 [0014] Figs. 2A and 2B. illustrate perspective views of 
a lamp 200 in the embodiments of the invention. Lamp 
200 generates a far-field pattiern 202 about a lamp axis 
204. Lamp axis 204 is generally along the direction of 
light erhission: Pattem 202 can be shaped for a; variety 
10 of application, Including autombtive, directional (e.g. 
similar to. MR; AR, PAR projectiori lightis), retaili Hospi- 
tality/ andcorhmera^^ ' 
[0015] Lamp 200 inaudes a base; 208 (e.^. a socket) 
that bah be plugged into an electrical receptacle to- Ve- 
is ceive power and control signals. A post 206 extends 
frbnfi base 208 along lamp axis 204. Post 206 cah be 
made In a variety of shapes (described later) to provlcle 
a number of post facets where one or mtire tED light 
sbiiiceis are mounted: Post 206 includes the necejssairy 
20 ellectrlcal wiring for coupling the LED light sources tb Ex- 
ternal power and control signals received ^ 
[00161 Although only brie LED isduirce i21 0 Is visible In 
ng.^2Avahy number bf llED sources 210 can be mount- 
ed to post 2061 LED sdurces21 o are placed aibout lamp 
2S axis 204 In an axial arrangement where each ILED 
source 21 0 is mouhted to a postfacet s:^ a hbmnafevector 
to its light-emitting surface is a^)prbximately perpendic- 
ular to lanip axis 204: The nom vector maiy inot be 
exactly perpendkiularto lam 
30 facets may be angled relative to lariip axis 204 -tb 1m- 
provb optical collefctiori arid/or heat disJsipatibh (both de- 
senbed lateff). With;an axial deslgnj the lumiiious'f lux for 
a p^lcular isource lehg^^ a lamp axi^ cah- be in- 
creased; by adding additional post facets arid LED 
35 sources. FurtheiThore. t^^^^^^ base 208 cam be 
duced bec&use the LED sources do hot lie in a plahe 
perpendicular to lamp axis 204. This reduces light loss 
due to light.striking base 208 instead of reflector 212^^^ 
(00171 Depehdirig- on the application; each LED 
^ sburce;210cari:be ffmoh^^ (Fig^2D) with 

an array of LEDs, ari ar^ray 222 (Fig; 2E) of Iridh/ldual 
LEDsVbrbhe ihdiVldual^^^^^ The rtipno- 

Hthfel dle Includes a serial or parallel LED array forrried 
on a highly resistive substrate such that both the p^ and 
^5 n-bontacts for the an'ay are on the same side of the array 
and the Individual LEDs are electrically Isolated from 
each other by trenches or by Ion implantation. Thei mbn- 
olithk; die is further described in a commonly assigned 
U.S. Patent Application No. 097823.824, whfch Is Incbr- 
so porated by reference in its entirety. 

[0018] A segmented reflector 21 2 is mounted to base 
208. Segmented reflector 21 2 Is divided Into a number 
of reflective segments. A reflector segment Is a region 
that Is optimized for an emitting area on a post facet (e. 
55 g, one or more LED sources on the post facet). In other 
words» a reflective segment has its focus at the emitting 
area on a post facet so it Is primarily illuminated by light 
from one post facet. Each reflecth^e segment can be a 
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smooth simple surface, a smooth complex surface, or 
divided into a number of sub-segments called facets. 
Facets are typically used to manage light in the far field 
pattern. 

[0019] Unlike a filament light source that emits Into a 5 
sphere^ LED source210 emits into ahemisphere. Thus, 
segmented reflector 212 can be divided into reflective 
segments that each receives light primarily from one 
LED source 210 on a post facet. The reflective seg- 
nients can project light into different parts of pattern 202. io 
Alternatively, the ref lectivesegnrients c^^ 
at least partially overlay each other In pattern 202. 
[0020] Segmented reflectojr 2|2 Is asymmetric; be- 
cause each reflective segment fe optiraizecl f or an indi- 
vidual LED source. Thus, lamp 200 has a very small ef- is 
fectlye source size. As the nomial vectors to the LED 
sources 210 are approxirnately perpendicular to lamp 
.axls2p|f , a majority of the light will strike and be shaped 
by thp reflective segments. Fprlhese reasons. Iamp200 
caa provide high flux and/or candela values. 20 
[0021] In a typfcal lamp design, the end product is ex- 
pected to fitwithlncertainphysfeal dimensions and meet 
certain perfomriance criteria. A designer will match a re- 
flector with a particular focal length with a light source 
of a particularsizeto-confonTi to these requirements. To 25 
properly control the-light from a Hgh 
pal lengths will be matched with smaller source sizes. 
- However,; snialler focat lengths require better source 
placernent; during manufacturi 

LED source 21;b in lamp. 200 c^an *e a monolithic die so 
wfth an array ptLEPsior an array ^pf indivW^^ 
The; size of the I^^D anay detemilnes the aspect ratio 
(height divided by lenjgth) of the LED source. Thus^ the 
aspect ratio can be changed^to nriateh a variety of focal 
lengths to confomn to the dimensional and performance 35 
requirements. Thiis offers rripre rnechanlcal freedom in 
the design of lamp: 2»0. 

[0022] Consideratfons of heat transfer and heat dissi- 
pation are irnportant for solld-sta^^ 
200; Reliability is dependent on mairttaining the temp 40 
ature of the LED sources within designed ranges^ 
nous perfomriance of the LED spurces is also reduced 
at elevated temperatures. Maintaining the temperature 
of larnp 200 requires that heat be transfenred away from 
the LED sources and then dissipated into the surround- 45 
Ing environment. 

[0023] Heat transfer can be accomplished by optfcal 
radlatioii or by thermal conduction. Radiation heat trans- 
fer is dependent on the temperature of the source 
(raised to the fourth power) and on the emissivity of the so 
bocfy. However, at the allowed temperatures for LED 
spurces, radiation is not a large fraction of the total heat 
load. Selecting the post material to have a high emissiv- 
ity can maximize the radiation component of heat trans- 
fer. Heat conduction is largely through the axial post. 55 
The material for the post should have a high themnal 
conductivity and should generally be a metal. 
[0024] Accordingly, post 206 can be made of thennal- 



ly conductive material to transfer heat away from LED 
sources 210 and toward bas;e 208. Good materials for 
post 206 Include aluminum and copper In one embod- 
iment, post 206 is made of black anodized aluminum to 
provide excellent heat conduction while maximizing the 
emissivity and the optical radiation. The shape of the 
post can be selected to minimize the thennal impedance 
(described later). 

[0025] In one embodiment, a heat pipe is used to in- 
crease, the thermal conduction away from LED sources 
21 0 and toward base 208. Heat pipes are conventional 
devices that u$e ari (Bvaporation-cpndensiation cycle to 
transfer heat from one poinjt tp another. Fig: 2C illus- 
trates one embodiment where a heat pipe 209 is insert- 
ed axially into post 206 and transfers the heat to external 
features thatwould dissipate the heat into the environ- 
ment through convection. A physical connection be- 
tween axial heat pipe 2p9 and post 206 vyould be re- 
quired to provide adequate heat transfe^^ heat 
p^e. In one embodiment, axial heat pipe 209 has incre- 
menting cross-section along its length toward base 208 
to improve conduction of heat away from the LED sourc- 

[0026] An additional feature could be used to remove 
the heat from the heat pipe and transfer it to the sur- 
rounding am Heat pipe 209 c€in:i)e mounted t heat 
sink/condenser 211 that dissipates the heat through 
convection In one enibpdimehti; he# sinlt21 1 consists 
of fins attached to thefcsurface ef he^ 209. Heat 
sink 211 (»uld; be ^separate cornppnent or couW be 
part of base 208. The convective heM transfer can be 
greatly irnproyed by designing airflowover the surface 
of heat sink 2tt. ; v 
[0027] Rg. 26 illustrates pne embpdiment where ax- 
ial heat pipe 209 is coupled to a lateral heat pipe 21 3 to 
transfer heat to^an area of ^igh^irflowj^^H pipe 209 
can include a threadedi base that fe received Into a 
threaded bore of lateral heat pipe 213. Heat pipe 213 
can include a heat sink 216 tO; dissipate heat. 
[0028] Figs. 3A and 3BJI!m^^^^ of 
lamp 200 (hereafter "Ianip 30(y?) with two LED^ources. 
In this embodiment, a post 306 has a rectangular cross- 
section along its length. Thus, post 306 has four post 
facets 316r1, 316-2,.316r3, and 316^4 (Rg. 3B). LED 
source 31 0-1- and 31 0-3 are mounted on post facets 
316-1 and3l6^i respectjyelyv Although the LED sourc- 
es are shown protrudlng from the post facets, they may 
k>e mounted Into reoes^es In the post facets so they do 
not protrude above the post facets. 
[0029] In this embodiment, a segmented reflector 312 
includes a first reflective segmer>t 314-1 with its focus 
at LED light source 31 0-1 , and a siwjond reflective seg- 
ment 314-3 with its focus at LED light source 31 0-3. De- 
pending on the embodiment, reflective segments 314-1 
and 31 4-3 are shaped to provide a far-field pattem 302. 
For example, reflective segments 314-1 and 314-3 can 
be shaped to colllmate or diffuse their light. Further 
more, reflective segments 314-1 and 314-3 can be 
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shaped to partially or entirely overlap their light. De- 
pending on the embodiment, reflective segnnents 314-1 
and 31 4-3 may have different shapes or sizes from each 
other For exarnple, reflective segment 314-1 may be 
shaped to collimate the light while reflective segment 
314-3 may be shaped to diffuse the light. 
[0030] Fig. 4 illustrates computer-simulated f lux/mm^ 
on a segmented fBf lector 312 for lamp 300. Segmented 
reflector 31 2 h^s an area of 150 by 70 mm and a focal 
length of '31. 76 mm. LED sources 310-1 and 310-2 are 
assurried to be 1 By 5 array of individual LEDs where 
each LED has a die area of 1 .2 by 1 .2 mm. For compar- 
■ ison reasons^ Fig: 5 llfiistrates computer-simulated flux/ 
mrti? on a 150 by 70 rnrh reflector for a conventional au- 
tornbtive Heiadlamp uising a 9006 bulb: The reflector lor 
the Qonvehtibhal aiitomotive headlamp also has an area 
of 150 by 70 rnm-. v .. , c 
10031 J As cian be seerii reflector 3i 2 has a more uni- 
fomi distribution of cahdela valiies;^^^ cahdeia^alues 
h^vfe QOriSfeterit rect^^^^^^ unlfomnily fin re- 

flector 312. Th^uriifonri fill of rc^^ 312 is cosmeti- 
cally pfeasing to cohsurners because lamp 300 afjpears 
to be unifbrmiy lit. Reflector 312 also has a higher col- 
lection efficiency -o^'^^ to 428 lu- 
mens fdr^helcohvehtionalheadla^ 
-effideincy^rneans that i'efiector 312 will have more con- 
' ti-ol oteir lh(& li§ higher 
cahdelfiyalu^sivForth^^^^ larnp 300 and other 
embbdlhi^hts^bf^l^ gehel'atirig a 
bright arid controllable pattefn^^t)^^ 
[0032] . Rg. 6 illustrates computer simulate candela 
values; of a fai^ieldipattem 302^ lanlp 300 
.ia.one ■en]ibodiment;;^oi^^^ 

lusitratesHComputer^ a pat- 

terh 702 generaited byjthe cohV<^^^^^ with 
a standard 90Q6 bulb£Rgs;:6^a^ that lamp 300 

produces ail smailer dricuter pattern: 302 that haisivhigh 
candel4 yalM0$ but little' nipfe^^^ 
conventlbDgl heiadlamp^^ 

tern •with.1oW0r:candel^ yailies anid mofei-nplse around 
tht pfiBfHmeit^riX^^eralVlaiT^^ generiates a higher flux 
of 400 jurtiehs cbmpared^wrt^^^^^^ con- 
ventional- headlamp: For these^ reasons, Ianipv300 
shows thatit is cable of generating a bright and cbritrbl- 
i table pa[tternv3Gi2;^ -n-^ 
[0033]: > ;Figs. 8A and^Blllustrate anbther embodiment 
of lamp 20O (berBafter "lamp 800") three LED 
sources, in this embodimiBnt, a post 806 has 
cross-section along its length. Fig. 8B illustrates that 
post 806 h^sithreisl post facets 81 6-1^ 816-2, and 81 6-3. 
LE&spurces 810-1, 810-2, and 810-3 are mounted on 
post facet81 6-1 , 816-2, arid 816-3, respectively. In this 
embodiment; a segmented reflector 812 includes a re- 
flective segment 814-1 with its fociis at LED source 
810-^1 , a reflective segment 814-2 with its focus at LED 
source 810^2, and a reflective segment 814-3 with its 
focus atLED light 810-3. As inthe above embodiments, 
segmented reflector 81 2 is asymmetric so that each re- 



flective segment is tailored to an individual LED source. 
Depending on the application, reflective segments 
814^1 ; 814-2. and 814-3 can partially or entirely overtay 
their light to form a far-field pattern 802. 

5 [0034] Fig. 9 illustrates computer simulated candela 
values of a pattern 802 generated by lamp 800 in one 
embodiment; Lamp 800 Is assumed to have a combined 
source of 1000 lumens and LED sourcesi with the same 
aspect ratio as lamp 300 in the exarnple of Figs. 4 &nd 

10 6. Lamp 800 is provided with a round reflector 812 with 
a.diameter of 150 mm. As c^n be seen, tahnp 800 pro- 
duces a pattern 802 that is essentially ciircular in the 
center but more triangular around the peririieter. Again, 
pattern 802 hais little noise aix)uhd its peririieter The 

'5 nohcircuiar nature of pattern 802 is cauised by each re- 
flective segment receiving light from the neighboririg 
LED'sources. Fig; 8C Illustrates thattherfe are overi^^ 
between light from adjacent LED sburoBis because'ea^^ 
LED source errilts. into . a hemisphere (sh in crbss- 
^ section -as a half-circle). For example, refledive seg- 
nierit 81 4-1 r^eives light 81 8-2 from LED source 810-2, 
lightSI 8-3frbrh LED source 81 0-3tand light 618-1= from 
its bWn -LED source 81 pd. thus,' each n^f relative seg- 
ment rocdiycs cross-talk fi'om the neighboringVLED 

[0035J; LED sources can include LEDs (whether ind^^^ 
vidijal or part of a rhbnolithic die) with' opt jc-on^bip^'ler^^^^ 
es (hereaftei- "OONC lenses") s6 0mbbdirnents of la^ 
200 (e g; lamp 800 aiid others d^scribed/i?^^^ 
30 ter conti-ol their far-field patteiri: Ah^OONeJ l^ris Is^an 
bptical elemeht bonded to ain LED die. AlteriiatiYeIyi the 
OONG iens is a trahsparent.dptical ele^ 
ahLEDdie(e,gfby^stkrp millii^gj scribing, 

siblatihg); GONfc -leriseis/afe f ur^^^^^ d^iscribed Ih cbm- 
35 rinonly assign^ U;S. Application Serial - Nos. 
09/660,317;^09/880j204i and 09/8^^^^ 
CbT^bratecJ by-^^^^^ ^ 
[0036] ' The OONG lerises cbntrbl :me= splid^^ of 
tile iigfit'emlttedbytbeLEDsH'nariL^^^ 
40 LEDs6utx»;bniyillumihateis/it&^^ 

segment. Fig. 80 illustrates that- OONG lenses ^i520;i, 
820-2f and 820-3 are mounted bn LED sbijrces .81^1 . 
810^2; and 810-3, respectively. OONC lenses 820^1 to 
820-3 reduce the solid angles of the LEDs In the LED 
45 sources so each LED source primarily Illuminates .Its 
cpn^espondirig reflective segirient. This ajibws the, r^^ 
flecjtlve segments to precisely shape pattern 8C^. • 
[0037] Figs' 10A and IGB IIIustrate ahotiier embodi- 
ment of lamp 200 (hereafter ''lamp 1 0OC) with f bur LED 
so sources. In this embodiment, a post 1006 has a rectah- 
giilar cross-section aiong its length. Fig. 1 0B illustrates 
that post 1006 has four post facets 1016-1; 1016-2, 
1016-3, arid 1016-4. LED sources 1010-1, 1010-2. 
1 01 0-3, and 1 01 0-4 are mounted on post facets 1016-1, 
55 1016-2, 1016-3, and 1016-4, respectively. In this em- 
bodiment, a segmented reflector 1012 includes a reflec- 
tive segment 1014-1 with its focus at' LED source 
1010-1, a reflective segment 1014-2 with its focus at 



9 



EP 1 371 901 A2 



10 



LED source 1010-2, a reflective segment 1014-3 with 
its focus at LED source 1 01 0-3, and a reflective segment 
1014-4 with its focus at LED source. 1010-4. As In the 
above embodinrients, segnr^ented reflector 1012 is 
asymmetric so each reflective segment is tailored to an 
individual LED source. Depending on application, re- 
flective sespronts 1010-1, 1010-2, 1010-3, and 1010-4 
can partially or entirely overlay their light to fomn a far- 
field pattern 1002. 

[0038] Fig. 1 QC illustrates one erinbpdiment of post 
1006 that contains an optical structure to direct the light 
from a post facet to a con-esponding reflective segnnent 
In one embodiment, the opticat structure is composed 
of two reflectors 1030-2 and 1030-3 on post 1006 to re- 
flect the light from post facet 1 01 6-2 to the conrespond- 
ing reflective segment 1914-2 (Fig. 10B). The structure 
may be repeated for each posf facet (e.g. refleetbre 
1 030-1 and 1 030-2 for post facet 101 6-1 , reflectors 
1030-3 and 103pr4 forppst facet 1016-3, and reflectors 
1030^ and 1030-1 for post facet 1016:4). In one em- 
bodiment^ each reflector has two reflective surfaces so 
ft can be shared between adjacent ppsst facets. For ex- 
ample, reflector 1030-3 is used with reflector 1030-2 to 
direct the light from post facet 1016-2 to reflective seg- 
ment 1014-2, arid reflector 1030-3 is used with reflector 
103P-4 to direct the light from postfaGet4016^3 Jo re- 
fle<Aiye$^gment;1 014-3 (Rg^lpB);; lit 
the reftectora are placed d^^ the LED^ sources- to 
minimize the source size of larnp 1000. 
[00391 Fig. 11 illus^^^^ 

-values of a pattern :.lpe2;gener^^^ in one 

eriibqdiment Lamp 1000 is assumed to have a com- 
bined source of 1000 lumertsand^LEDso^ 
same aspect ratio as lahfip SGO^^n the exanipie of Figs. 
4 and 63kamp:100p Is proyided:w reflector 35 

1012 with a diameter of 150 mm. As can -beseem lamp 
1 poo produces a pattern 1ppi2 that Is essentlallycircular 
irtthe penter with reetangular prptruslons around the pe- 
rirrteter Pattern 1002 has itfte noisevarouruj its perime- 
ter;Sirtiirartolamp800rthenpnclrcufar;natureQtp 40 
1QP2aroundthe perimeter Is paused by each reflective 
segment receiving cross^alk-f rom the adjacent LED 
sptirces; 

[0040] Fig. 12 illustrates another embodinnient of lamp 
200 (hereafter •?lamp 1200?) with five LED sources; A 45 
post 1206 has a pentagonal cross-isectlon along Its 
length. Post 1206 has fivepost facets 121 6r1 to1216-5 
where LED sources 1 21 0-t to 121 0-5 are mounted, re- 
spectively. Reflective segments 1214-1 to 1214-5 are 
tailored to LED sources 1210-1 to 1210-5, respectively, so 
Sinhilarly, Fig. 13 illustrates another embodiment oftamp 
200 (hereafter "lamp 1300") with six LED sources. A 
post 1306 has a hexagortal cross-section along its 
length. Post 1306 has six piost facets 1316-1 to 1316-6 
where LED sources 1310-1 to 1310-6 are mounted, re- 55 
spectively. Reflective segments 1314-1 to 1314-6 are 
tailored to LED sources 1310-1 to 1310-6, respectively. 
[0041] As described above with lamp 300, lannps 800, 



1000, 1200, and 1300 can better shape Its far-field pat- 
tern if OONC lenses are mounted on the LEDs in their 
LED sources to ellnilnate cross-talk between adjacent 
LED sources. 

5 [0042] Fig. 14 Illustrates LED sources 1410-1, 
1410-2, and 1410-3 that can be Included In embodi- 
ments of lamp 200. LED sources 1410-1 to 1410-3 in- 
clude arrays of individual LEDs in different cotors. For 
example, each LED source includes an array of red, 
10 green, and blue LEDs. Using an an-ay of different color 
LEDs allows color mixing to fotrn light pf another color, 
such as white light. The colors of each LED source are 
arranged In different prders to better mix the colors. Al- 
though three LED sources 1410-1 to 141 0^ arp;shpwn, 
IS different colors, combinations, and nunriber ot L€Ds may 
be used. Similarly described earlier, LED sources 
1410-1 to 1410-3 can be a monolithic die with ah a^^^^ 
of LEDs or an array pt individual LEDs. 
[0043] Fig. ISillustratesone'embodimentof lampBOO 
20 tfiat Includes LEO sources 141t)-1 to 1410-3. Lights 
emitted by each of the axially arranged LED sources 
1 41 Orl to 141 0-3 travel to reflector 812 and are mixed 
wrthlights of different colors. Refiecth^e segments over- 
lap the different emitted colors from the postto create a 
25 white light in pattern 802. In one embodiment^ LEDs of 
the same color on^ dWerferit^pofit facets arefriptptec^d in 
the same relative ppsitipri along the pp^ 
to improve color fnlxing^ Experience^ has^^h 
source using RGB LEDs is? rnuchvrnpre: pffide^^ a 
30 phpsphorousconye^rted^vyhitesource:^ i 

[0044] In one embodiment; reflector 81 2^oesp6t|uily 
fTnix the colors: of the LED sourGes\141(M UOSm 
pattern 802. I^is allows, lamp 800 to genera^^ 
•differemcpfors. Alternatlyely,the intehs^ 
ual LEDs in LED sources 1410-1 to 1410^ ban be 
dependently varied, by. chariging their cuijent levefs^to 
generatelighte of differentcolprs.^^T^^^^ 
change dynamically depending oh the appllcatlph.> 
[0045] : Inone embodiment, the LE0 sources cbutdbe 
of dlffefBht colors. This would allow reflek^ 
to create patterns of different colors which, could be 
overlapped or separated depending on the applfc^^ 
POAB] As mentioned above, post 206 <^ be m^de of 
various shapes to promote heat di^slpatiohrGeniBrally 
a post with Incrementing cross-section along Its length 
toward base208 is preferred to conduct heal away from 
LED sources 21 0 toward biase 208: Post 206 with rncre- 
mentihg cross-section can tak^ on various shapes, In- 
cludlhg a cone-shaped post 1606 (Fig. 16)i a stepped- 
sbaped post 1 706 (Fig. 17); anda pyramid-shaped post 
1806 (F^. 1 8). Dependtng onihe shape of the pbst feo- 
ets, the post facets may each accommodate a single 
LED source that is a monolithic die or an an^ay of indi- 
vidual LEDs. Furthemnore, the cross-secSbn dimen- 
sions of the post can be increased to move the LED 
sources apart for better heat dfesipation: Even through 
the LED sources are physically apart, the segmented 
reflector can optically shape the light pattern as If the 
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LED sources are at the same physical location, tr^ other 
words, the LED sources car) be physically without opti- 
cally spread apart. 

[0047] As mentioned above, post 206 can also be 
made of various shapes to promote optical collection. 
Geherally/a post with decrementing cross-section along 
its length toward base 208 Is preferred to focus the light 
of an LED source to its corresponding reflective seg- 
ment Post 206 with decrementing cross-section can 
take oh various shapes, including an inverted pyrarhld- 
shaped post 2006B (Fig. 20} - ah inverted stepped- 
shaped post 2106B (Fig. 21), and an inverted pyramid- 
shaped post2206B (Figv22) with a curved (e.g. para- 
bolb) surface: Fig. 20 clan also be U8^^ an 
"inverted cone-shaped jDosL • 
[0048] Figs 1 9A, 1 98. and 1 9C illustrates one embod- 
iment of lamp 1000 (Figs, 10A and 10B) where LED 
isources 101 0-1 and 1 01 0^3 (Fig; tOB) are independent- 
ly turned ori to generate i^especlive patterns 1902 and 
1904 that at t^ast paitially 6ve^ other as part of 

afar-field pattern. In other words, LED sources 1010-1 
and:1010T3; are independently controlled by changing 
their current levels-- Such an arrahgenrient as in Fig 1 9A 
generates a bright pattern and improves i^obustness If 
any LED source is not manufactured properly or falls Jn 
operation in one embodiment; iLED sources 1 01^-1 and 
1010-3 generate lights of different colors; Thus, the 
overlap of patterns 1902 and 1904 generate light that is 
a corhbmatibri>of th^ colors of LED 0-1 and 

1010-3i^ 

[0049] Figs. 1 9B and 1 9C illustrate other examples of 
partially or fully overlapping patterns. If LED sources 
produce; lights of diffeijent^c^ an bveflappihg 

area has a cbibr tHait is thei cohibihatlon of the colors of 
the contiibuting LED sources while a nonroverlapplng 
aiieaVrjeteins^ the color of the^ 'o contributing LED 
• source;">^- -"u --^v^-v. ■ ^^u. ;.. ... 

[0050] Fig. 19D illMStrates anpthe of 
lamp 1000 where LED sources 1010-1 and 1010-3 are 
independently turnetf on to generate respective patte 
1906 and 1 908 that forrnidifferent parts of a far^field pat- 
tern 1909. In one embodinierit, LED Sources 1010-1 and 
1 01 0-3 generate lights of different colors. 
[0051 ] The lamps described, above are well suited for 
various applications. Indudlngcreating c^namic lighting 
where the light patlerri Is. adaptlvely changed. For ex- 
ample, dynamic tlghtihgforavehicle.(e.g..8icar) consists 
-of chahglng th^ light; patt^ according to the environ- 
ment orthe orientatioo of the car. When a cair is traveling 
down the freeway; the driver may desire a high beam 
pattern thait allows the driver to see far down the road. 
When the car is traveling down the street, the driver may 
desire a low beam pattem that allows the driver to see 
a relatively shorter distance down the road. The lamps 
described above can generate different light patterns by 
tailoring the con^espohding LED sources and their as- 
sociated reflective segments. Thus. LED source and as- 
sociated reflecth^e segment can be used to generate a 



part of a desired light pattem. 
[0052] Various other adaptations and combinations of 
features of the embodiments disclosed are within the 
scope of the invehtion. For example, enibodlrhents of 

5 lamp 200 can be used in comrnercial lighting to generate 
a narrow flood light pattern or a wide flood light pattem. 
In one embodiment, a first group of LED sources can be 
powered up to generates the narrow flood light pattem 
vyhile a second group of LED sources can be powered 

10 up to genei;ate:the wide flood light pattem. Numerous 
embodimients are encompassed by the following claims. 

Claims 

15 - 
1. A lamp, cbnriprlsihg: 

• a post aligned along a lamp axis, the post com- 
prisiing a post facet; and 
20 . amonolithlcLEDdiemountedorithepbstfacet, 
wherein the monolithic LED die irrcludes an ar- 
ray of LEDs and nonrnal vectors to light emittiri 
^ sUrfefces of the LEDs we a^^ 
p^ndlcijlar to the lamp axis; 

25 

2; The farrlp of claim 1 , further comjbrisihg- ia ri&flector 
' for guiding light generally alon^^ 

reflector comprising a -plurality of re^^^ seg- 
ments and one reflective segment is llluriilnated pri- 
30 marlly by light from the post facet. 

3. The lamp of claim 2, whereiii eiach of the LEDs in- 
cludes an.optic-on-chlp jens atpp of its light emitting 
surfiace tcy Gohtrpl its solid iahglebf lighf 
35 each of the LEDs primarily ;6nilts right^6hti^ 
reflective segment 

4; A l£UTip, bomprislhg: 

40 .a post aligned along a lamp axis, the post com- 
prising a plurality of post facets; 

- a plurality of LED sources each nhbuhted on 
one of the post facetsy wherein npnhai^^^ 

to light emitting surfaces of the LED sources are 
45 approximately perpendicular to the lamp axis; 

•and : • •.; r ■ 

- a reflector for guiding light prlrtiarily along the 
lamp axis, wherein the reflector is divided into 
reflective segnrients eaqh illuminated pririarily 

^ by light from one of the post facets. 

5. The lamp of claim 4, wherein the reflective seg- 
ments each comprises a focus located at one of the 
LED sources. 

55 

6. The lamp of claim 4. wherein the LED sources each 
comprises a nrK>nolithtc LED die with an amy of 
LEDs, an array of individual LEDs. or an individual 
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LED. 

7. The lamp of claim 6, wherein each LED includes an 
optiC'On-chip lens atop of its light emitting surface 

to control Its solid angle of light emission so each 5 
LED primarily emits light onto one of the reflective 
segments. 

8. The lamp of claim 7, wherein the post has a decre- 
menting cross-section along Its length toward a io 
base of the lamp so the LED sources are angled 
from the lamp axis. 

9. The lamp of claim 8, wherein the post comprises an 
Inverted cone, an inverted stepped, or an inverted '5 
pyramid shape. 

10. The lamp of claim 8. wherein one of the post facets 
is curved. 

It. The lamp of claim 6y wherein the post includes an 
axial heat pipe abng its length to conduct heat away 
from the LED sources and to a base of the lamp. 

12. The lamp of claim 6, wherein the post has an incre- 25 
menting cross-section along its length toward a 
base of the lamp to conduct heat away from the LED 
SfOLirces: and to the base. 

13- The lamp of claim 12» wherein the post comprises 30 
a cone, a stepped, or a pyramid shape. 

t4i The lamp of claim 6, wherein the post comprises a 
triangular, rectangular, pentagonal, or hexagonal 
cross-section along its length. 35 

15. The lamp of claim 4, wherein the LED sources each 
comprises an array of individual LEDs of different 
colors. 

40 

16. The lamp of claim 15^ wherein the reflector mixes 
different colors of the LEDs to project a far-field pat- 
tem that includes white light. 

1 7. the lamp of claim 1 5, wherein the reflector partially ^ 
mixes . different colors of the LEDs. 

18. The lamp of claiim 4, wherein the LED sources are 
of different colors and the reflector at least partially 
mixes different colors of the LED sources to project so 
afar-field pattern. 

19. The lamp of claim 17, wherein the LED sources are 
of different colors and the reflector does not mix the 
different colors of the LED sources to project a far- 55 
field. 



color on at least two different post facets are not 
placed in the same relative position along the post 
facet. 

21. The lamp of claim 6, wherein the LED sources on 
different post facets comprise LEDs of differerit siz- 
es. 

22. The lamp of claim 4, wherein the reflector projects 
light from different post facets into non-overlapping 
parts of a far-field pattern. 

23. The lamp of claim 4^ wherein the reflector projects 
light from different post facets to overlay each other 
in a far-field pattern. 

24. The \amp of claim 4, further comprising an optical 
structure on the post to direct light from one of the 
post f acets to one of the reflector segments. 

25. The lamp of claims 24, wherein the optical structure 
comprises affrst reflector and a second reflector on 
the post. 



26. The lamp of claim 11 , furthercpmprising a heataink 
coupledto the axial heat pipe: 

27. The larinp of claim 26, whereinrthe heiat sink com- 
prises a pluralit/ of fins coupled to the axial: heat 
pipe. 

28. The lamp of claim 11; further comprising a lateral 
heat pipe coupled to the axial heat pipe. 

29. The lamp of claim 28. wherein the axiai heat pipe 
has a screw base and the lateral heat pipe has a 
threaded bore for recelving the-screw base. 

30. The lamp of claim It, wherein the axial heat pipe 
has an incrementing cross-section along its length 
toward the t)ase of the lamp. 

31. A lamp, comprisirig: 

• a post aligned along a lamp axis, the post com- 
prising a post facet; and 

- an LED source mounted on the post facet, the 
LED source comprising an optio-ori-chip lens 
mounted on a light emitting surface of the LED 
source, wherein a nonnal vector to the fight 
emitting surface is approximately perperidicu- 
lar to the lamp axis. 

32. The lamp of claim 31 , wherein the LED source com- 
prises a monolithic LED die with an an^ay of LEDs, 
an array of individual LEDs, or an Individual LED. 



20. The tamp of claim 15, whereintheLEDsofthesame 



33. The lamp of claim 32, further comprising an optical 
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element for guiding light primarily along the lamp 
axis, the optical element comprising a plurality of 
surfaces and one surface is illuminated primarily by 
light from the post facet. 

34. A method for generating a far-field pattern with a 
lamp having a plurality of LED sources on post fac- 
ets of a post aligned with a lamp axis and a reflector 
including reflective segments each illuminated pri- 
marily by light from one of the post facets: compris- 
ing: independently controlling (1) a first LED source 
on a first post facet and (2) a second LED source 
on a second post facet to generate the far-f ield pat- 
tern. 

35. The method of claim 34, wherein said independent- 
ly controlling comprises: independently changing 
current levels to (1) the first LED source and (2) the 
second LED source lo shape the far-field pallern. 

3S. The method of claim 34. wherein the first LED 
source and the second LED source generate at 
least partially overlapping patterns in the far-field 
pattem. 

37. The method of claim 34, wherein the first I.Eb 
source and the second LED source generate non- 
overlapping patterns In the farrfield pattern. 



45. The method of claim 34, wherein the first LED 
source comprises a first LED and a second LED of 
different colors. 

46. The method of daim 45, wherein said Independent 
controlling comprises changing current levels to the 
first LED source and the second LED source. 
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38. The method of claim 34, wherein the first LED 
source and the second LED source generate lights 
of different colors. 



30 



39. The method of claim 38, wherein said independent- 
ly controlling comprises: independently changing 
cun^ent levels to (1 ) the first LED source and (2) the 
second LED source to generate the far-field pattem 
Including a desired color. 
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40, The method of claim 34, wherein the first LED and . 
the second LED are of different sizes. 
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41. The method of claim 34, wherein the far-field pat- 
tern Is at least a part of a low belam panern, a high - 
beanri pattern, a spread light pattern, or a sign light 45 
pattem. 

42. The method of claim 34, wherein the far-field pat- 
tern is at least a part of a nan^ow flood light pattern 

or a wide flood light pattem. so 



43. The method of claim 39, wherein the first LED 
source and the second LED source generate over- 
lapping patterns in the far-field pattem. 

44. The method of claim 39, wherein the first LED 
source and the second LED source generate non- 
overlapping, patterns in the far-field pattern. 
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